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Abstract 
The Library Reading Room is a special public place, studies of air quality in Library Reading Rooms should be the 
emphases of the field about air quality research. During the study of the air quality about Library Reading Room in 
one college, we use appliance to collect the objective data, including room temperature, wind speed, concentrations 
of carbon dioxide, PM2.5 and PM10. We conduct a survey questionnaire about students of some symptoms such as 
restlessness, depression, tinnitus, Tired Eyes, tiredness, dry skin. Also the time spend in library, the dress, Height, 
weight and so on. Analysis helped prove that human feelings of the condition they stayed in was related to both their 
physiological factors and psychological factors, the ability of human perceive the environment temperature and 
humidity is relatively high, but imperceptible to the changes of the aerosol concentration in room. 
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1. Introduction 
After SARS, indoor air quality has attracted more and more attention, the test and research on it constantly 
strengthened. However, research on quality of living environment in the majority, and pay little attention to the 
public, the attention to the reading room air quality in the library is also rare. The library is a special public places , 
indoor environment pollution caused by clustering property of personnel’s concentration and evacuation, pollution 
source outside and volatile matter of breeding in books ,we should pay our more attention to this problem [1]. 
 
 
* Corresponding author. Tel.: +86-024-24690715. 
E-mail address: fengguohui888@163.com 
© 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of ISHVAC-COBEE 2015
1837 Huixing Li et al. /  Procedia Engineering  121 ( 2015 )  1836 – 1843 
2. Library overview 
We take a library of northern cold regions for measured object, objective and subjective data collection and 
research on indoor air quality, and obtain a large number of real and effective data. The building area of the library 
is nearly 25000 square meters, construction pattern use permeable, large standard width of a room, and take the 
borrowing and returning type. The all-round, all-weather open to readers, the opening time is more than 100 hours a 
week. The readers can take the campus cards into the library, and can be freely backpack .The library has a total of 
seven layers: ground floor and six on the ground floor take the integration management mode of borrowing and 
reading and collection, stack room, study hall, drinks, the curator room, audio books electronic materials area, 
borrowed place, storage or reading room, periodical room, graduate students’ study room, teachers' office reading 
area, multimedia reading room and so on, and every area is 200 to 1024 square meters,  the whole building has 2000 
seats in the reader. According to the code for design of heating ventilation and air conditioning, the library adopt fan 
coil unit and all air system, building cooling load required by the library basement to provide two sets of chillers, 
underground chamber is provided with a mechanical ventilation system, supplying hot air in winter and summer use 
of outdoor air ventilation and cooling load in summer is 2340kw and heat load in winter is 2617kw, the whole 
building is closed through outdoor stairs, through the two long corridors, are respectively connected with the library 
and the teaching building. 
3. Pollutants measures in the reading room 
One layer to five layer reading room in the library is the place to stay a long time for readers, so take one layer to 
five layer of the reading room for the measured object subjective and objective. The measured time is the 2014 
Octoberˈin this period, the air conditioning turns off, open the doors and windows occasionally, direct interference 
from air pollution and outdoor pollution, and at the end of the review period, the indoor environment condition is 
typical, so the measured time is the best. In the library building, we choose the typical room base on the using for 
the room and the number of students and measure according to the area. 
Figure 1 is the indoor air flow measuring instrument with a multifunctional. This measuring instrument can be 
configured with different probes and used to detect the temperature, humidity, wind speed, wind pressure, wind, wet 
bulb temperature, the concentration of carbon dioxide, water vapour content, and the dew point temperature ,and so 
on. It is based on microprocessor, it can match fast test-parameters by using the most advanced detection technology. 
Swema3000 built-in powerful digital recorder and electronic notebook, the measurement data storage can be 
transmitted to the computer by the free software Swema Terminal for further processing, the work becomes simple. 
Due to its versatility, we can choose different probe according to need of detection, every probe have been calibrated 
separately with separate calibration curves, the probes can also convert each other. Swema3000 is a very effective 
tool for professionals in high demand to the environment in the field of special design, and has telescopic type probe 
for measuring wind speed and temperature, and obtain the temperature compensation in the measuring range. 
                      
 
Fig. 1. Multifunctional measuring instrument.                          Fig. 2. CO2 concentration measuring instrument. 
Figure 2 is a very simple and practical, cost-effective instrument. It can be used for the work of examination and 
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diagnosis of greenhouse or ventilation system is normal or not. Airtest-4 must be an external power supply. By using 
LogSo-Combi data recorder and a data transmission cable, Airtest-4 can record 21000 test data. Logso software can 
be used for all these data analysis. Airtest-4 can also be connected to the Swema3000 data record. These data can 
then be processed in the Excel. The maximum amount of data storage is 20000. The measurement interval of 1 
second to 24 hours. Range: 0-3000 ppm; Accuracy: + 3% or + 30 ppm readings; Response time: T37=3 minutes, if it 
has a pump, it can diagnosis withinvoluntarily10 seconds. Output: 0-10 VDC, 0-2000 ppm; the year zero drift: + 
10ppm; Probe life: 15 years; Power supply: 24VAC/VDC + 20%, 50HZ. 
Temperature and humidity recorder (Figure 3) is widely used in measurement of HVAC system, temperature 
monitoring, energy management and scientific research. High precision chip temperature sensor and 
digital temperature humidity chip built in the temperature and humidity recorder overcome the serious shortcomings 
of the traditional thermal resistance or moisture sensitive drift, high precision, low drift rate, and the configuration of 
the replaceable lithium battery can store up to ten million data points and high capacity memory.  Temperature and 
humidity recording instrument connects with computer through USB interface, parameter setting and data 
transmission completes through the computer, convenient and fast, you can learn the instrument setting method 
within a few minutes, and apply it in practice immediately. Configuration software is powerful, in the field of use, it 
can be connected to the computer directly, and conduct the real-time monitoring of ambient temperature and 
relative humidity on the compute, and simple data processing. We should refer to the notes before use 
equipment, and protect in the low temperature or foul water when measuring.  
Using standard of ZHONGLAO-1108A type sampler of the flow of particles (Figure 4):HJ93-2013 ambient air 
particulate matter (PM10 and PM2.5) technical requirements and test methods. The determination of HJ618-2011 
ambient air PM10 and PM2.5 use gravimetric method.AC and DC power supply, the built-in rechargeable lithium 
battery, in the case of no AC, particles sampler can also be normal continuous sampling 15 hours. Automatic 
calculation of volume under standard conditions; The instrument can automatically measure the gauge pressure, 
temperature, atmospheric pressure gauge, pressure and other parameters, Automatic calculation of volume under 
standard conditions; Data records and stores automatically→save automatically volume under standard conditions, 
sampling time and other information of sample end of the sampling. 
 
                               
Fig. 3. Temperature and humidity recording device.                                  Fig. 4. 1108A flow particles sampler. 
The sample is measured on the basis of the national indoor air quality standard (GB/T18883-2002) test. The room 
type of the measurements is reading room, the size of the room is 256m2, in the work area, there are uniform 
distribution of five test points with plum blossom shape, and choose 3 test points in books area, the height from 
ground level is 1.3m.The reading room contains many types of air pollutants, due to the test conditions, only the 
indoor temperature and relative humidity, carbon dioxide and respirable dust (PM2.5 and PM10) of five typical air 
parameters were measured throughout the day. 
The test step are as follows: 1) Develop test plan, including test equipment, test time and test method. 2) Contact 
with equipment manufacturers, purchase equipment, calibrate equipment to verify its accuracy. 3) Lay and adjust 
equipment according to the situation of reading room, people try to stay away from the instrument after testing 
equipment normal operation, in order to ensure the accuracy of measurement. 4) The data is truly filled with pre-
designed record form. 
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4. Analysis and evaluation of the measured results 
According to the provisions of environmental air quality standards promulgated by the state, air environment 
functional area are divided into two categories :The first class area is nature reserve, scenic attraction and other areas 
that need special protection; the second class area is residential area, commercial traffic residents mixed zone, 
culture area, industrial area and rural areas. The first class area is applicable to the one-level concentration limit, and 
the second class area is applicable to the two-level concentration limit .One or two types of air environmental 
quality requirements are shown in table 1 [2]. 
During the opening, a layer of underground, the fifth layer and the sixth layer on the ground have a small number 
of students. Take storage and reading room of two to four floors on the ground as the test site where open to students 
and the larger flow of people to measure air quality parameters. Considering the library reading room is open from 7: 
00 to 22: 00The measured time to work on 7:00-11:00, 11:00-13:00, 13:00-17:00, 17:00-20:00 and 20:00-22:00 of 
six typical time. Taking average value of measured data in each reading room, each time and each point as the 
measured value of library reading room in this period of time, the measured results are shown in table 2 [3]. 
Table 1. Ambient air pollutants concentration limit of the project. 
NO. Pollutants Item  Average Time 
Concentration Limits 
  Unit 
Level 1 Level 2 
1 SO2 
annual average 20 60 
 
 
  μg/m³ 
 
 
 
24 hour average 50 150 
1 hour average 150 500 
2 NO2 
annual average 40 40 
24 hour average 80 80 
1 hour average 200 200 
3 CO 
24 hour average 4 4 
  mg/m3 
1 hour average 10 10 
4 O3 
8 hour average 100 100 
  μg/m³ 
 
1 hour average 160 200 
5 PM10 
annual average 40 70 
24 hour average 50 150 
6 PM2.5 
annual average 15 35 
24 hour average 35 75 
 
Table 2. Each time in the library reading room air quality objective parameters. 
Time 
Temperature 
(oC) 
Relative humidity(%) 
air  
velocity 
(m/s) 
CO2 
 Concentration 
(ppm) 
pm2.5 
(μg/m³) 
  pm10 
(μg/m3) 
7:00-11:00 22.3 54.9 0.03 1004 83 127 
11:00-13:00 22.5 54.8 0.08 986 89 135 
13:00-17:00 22.7 55.1 0.03 1114 84 130 
17:00-20:00 21.4 56.5 0.02 1130 83 129 
20:00-22:00 21.1 56.6 0.03 997 86 131 
 
As can be seen from Figure 5, indoor temperature varied between 21-23ć, no solar radiation at night, so 
temperature is lower. Figure 6 shows that indoor relative humidity around 55%, and meet indoor comfort 40% -60% 
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of the standard value. The relative humidity of the night is higher than the morning, this is because people in the 
room stay long, indoor moisture content increases. The windows of reading room open for ventilation at noon, and 
closed during the day. Wind speed from the different time periods as shown in Figure 7,staff area of the maximum 
value is 0.08m/s when window opens, meeting the standard of indoor air quality. 
 
              
Fig. 5. Temperature variation of the library.                                                Fig. 6. Relative humidity variation of the library. 
 
      
Fig. 7. Indoor wind speed variation of the library.                                                Fig. 8. CO2 concentration change curve. 
As can be seen in Figure 8, changes in the scope of the carbon dioxide concentration in the reading room at the 
national standard value around 1000ppm, the concentration in the period of 11˖00-13˖00 and 20˖00-22˖00 
accords with the national standard ,but the rest of the time is slightly higher than the national standard .Indoor 
concentrations of carbon dioxide and the number of personnel are inseparable, in the afternoon and evening, the 
student curriculum is relatively small, most people will choose to study in the library ,so an increase number of 
people in the reading room, basically in the full state, then just in a transitional season, no air conditioning in the 
library, outdoor air is cold and lack of ventilation lead to higher indoor concentrations of carbon dioxide. 
Changes of PM2.5 concentration in the library reading room in each time is shown in Figure 9, Changes of pm10 
concentration is shown in Figure 10.The maximum of PM2.5 concentration is 89ug/m³ in the reading room, the 
minimum is 83ug/m³, they are both higher than the national standard 75ug/m³.The maximum of PM10 is 
135ug/m³in the reading room, the minimum is 127ug/m³, they are both lower than the national standard 150ug/m³. 
The interior secondary dust is the main cause of Library Indoor pm2.5 concentrations exceeding. At noon and 20:00, 
personnel flow is relatively large, indoor air turbulence changes much, resulting in increased concentration of 
particulate matter. The reading room of the library take the form of  storage and reading, there is a lot of books and 
chairs inside, small particles attached to the surface of books and bookshelves, when they encounter air flow 
(ventilation window, browse books, people walking), these ultrafine particles float in the room for a long time, the 
interior of PM10 is heavier and larger than PM2.5, gravity effect is obvious, after air turbulence ,they settle to the 
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ground in a short period of time ,so the concentration in the breathing zone plane meets the requirements of indoor 
air quality. 
 
 
Fig. 9. PM2.5 concentrations change curve.                                            Fig. 10. PM10 concentrations change curve. 
5. Subjective research the air quality in the library 
Indoor air quality is a composite indicator combination with subjective evaluation and objective evaluation, 
single objective evaluation can’t reflect indoor air condition comprehensively, so we need subjective evaluation, 
start with the people feel it directly. Subjective evaluation can describe and judge the environmental comfort 
through the feelings of human body, usually rely on some experienced experts or some highly sensitive person. This 
time we use international general air quality evaluation form to subjective survey, the major content includes three 
parts: part 1is individual profiles, part 2 is body intuitive feelings about environment, the last part is building’s 
environmental data. Because of dress and physiological and other conditions, different people have different feelings 
about environment, so we combine part1 with part3 (individual profiles and building’s environmental data), 
therefore we can evaluate indoor environment level comprehensively, based on people subjective satisfaction, then 
evaluate and improve the performance of buildings [4]. 
In order to know the influence to library reading room from personnel, we issue 100 questionnaires and take back 
100 questionnaires, during 5 typical period of time, we issue at 7:00-11:00, 11:00-13:00, 13:00-17:00, 17:00-20:00 
and 20:00-22:00, and we issue 20 each period of time. During the process deal the data of the questionnaire, we treat 
very poor and worse as poor in each objective indicators. In symptoms, expect for “no feelings”, others have this 
kind of symptoms. Next, we will analyses the library reading room air quality from library indoor comfort levels, 
how unacceptable about the air quality in different period of times and the symptoms people probability have. 
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Fig. 11. Unsatisfaction rate of indoor comfort in the library. 
 
Figure 11 shows that the rate of indoor people view the temperature as subpar is 8%, view humidity as subpar is 
17%, view the wind speed as subpar is 8%, the same, smell is 42%, noise condition is 1%, and air freshness is 42%. 
It indicates everyone is satisfied with the temperature and humidity, and not satisfied with the smell and air 
freshness in reading room. The smell of air is related to the mass fraction of carbon monoxide, the mass fraction of 
carbon dioxide and the concentration of formaldehyde quality, but the air freshness got no satisfaction is influenced 
by the. During the transition season library reading room doesn’t open windows, and without air conditioning and 
ventilation system, the concentration of carbon dioxide is high, the ventilation rate is low, and the air isn’t fresh. 
 
      
Fig. 12. Air quality is unacceptable rate for each period.                                       Fig. 13. Staff rate of adverse symptoms. 
Figure 12 shows that the most unacceptable time in reading room air quality for readers is night, the second is 
afternoon, and most satisfied time is morning. This is because there are less readers and fresh air in the morning. 
Over time, the rising number of readers, the body odor and the smell of food and beverage that they take, cause the 
indoor air pollution. 
After a comparison of 13 and 11, we can see that, although readers’ satisfaction to the condition of indoor 
situations is high, the percentage of occur symptoms does not reduce yet. Over all the symptoms, the percentage of 
tired eyes 18% is the most, the second is tiredness 7%, and all the others are under 5%. Library is a place for 
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students to reading and study, study for a long time may cause tired eyes, then lead to depression and anxiety, and 
this could drive down the learning efficiency. On one hand, this related to objective environment, on the other hand 
related to personal state of mind. Dry skin and thirst are the same phenomenon, these related to the relative humidity 
in room, when the relative humidity was low, people may felt hot or cold and dry. In a way, most of the readers in 
reading room are studying, study needs to burn energy, and have a fast metabolism, use more moisture, need an 
environment within a wet air make up for the felling of hot and dry; in another way, we can know that the humidity 
in reading room was low, the large amount of book also can absorb a part of moisture, so we need to improve the 
relative humidity in room. 
6. Conclusion 
This article gives a brief introduction to some basic factors of the library such as construction area, the function 
of buildings, air conditioning system performance. Our subjective investigation(including some symptoms such as 
restlessness, depression, tinnitus, tired eyes, tiredness, dry skin, also the time spend in library, the dress, height, 
weight and so on) and objective measurement(including room temperature, wind speed, concentrations of carbon 
dioxide, PM2.5 and PM10) make a comprehensive analysis and evaluation of the air quality in library reading room, 
the results show that human feelings of the condition they stayed in was related to both their physiological factors 
and psychological factors, the ability of human perceive the environment temperature and humidity is relatively high, 
but imperceptible to the changes of the  aerosol concentration in room. 
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